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0 Color image reading apparatus. 



© A color image reading apparatus for reading a 
color image by using an image sensor has an image 
sensor which is constructed by a plurality of CCD 
Image sensor chips, for color separating a color 
Image and reading and dot sequentially outputting 
analog color signals, and amplifier to amplify the 
analog color signals which are dot sequentially out- 
put from the image sensor, a switching circuit to 
sequentially switch a gain of ttie amplifier in-accor- 
fsj dance with the color of the analog color signal to be 
^amplified, and A/D converter to convert the analog 
.color signal which are amplified and are dot sequen- 
UjtiaHy output by the amplifier into digital color signals. 
©With the apparatus, the analog color signals can be 
^ processed at a high speed, the amplitudes of the 
analog color signals which are dot sequentially out- 
Oput can be corrected, and the black level and white 
0 level of the analog color signals which are dot se- 
quentially output can be efficiently corrected by a 
simple construction. 
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Color Image Reading Apparatus 



BACKGROUND OF THE INVENTION 



Held of the Invention 

The present invention relates to a color image 
reading apparatus for reading a color image by 
using art image sensor. 



Related Backgound Art 

Hitherto, as an image sensor which is used to 
read out an image at a high speed, there has been 
known a type in which a stripe-shaped filter is 
provided for an image sensor of one line and color 
separation signals are time sharingly and dot se- 
quentially read out 

The spectral sensitivity characteristic in a low 
wavelength range is worse than that in a high 
wavelength range due to the spectral sensitivity 
characteristic of the color filter which is used to 
obtain the cofor separation signals and the spectral 
sensitivity characteristic of the image sensor itself. 

Therefore, an output signal of the image sensor 
when a reference image of a standard white plate 
or the like is read does not become an analog 
video signal which is dot sequentially color bal- 
anced. Therefore, to assure a sufficient dynamic 
range (S/N ratio) of the color separation signals, in 
an analog video signal processing circuit the levels 
of the color separation signals need to be matched. 
For this purpose, hitherto, in consideration of easi- 
ness of a circuit construction and stabilization of 
sampling points when executing a/d conversion, 
the dot sequential color signals are respectively 
separated by a sample and hold circuit (hereinafter, 
referred to as an S/H circuit) and transformed to 
simultaneous color signals and subjected to signal 
processes such as amplification and the like. The 
levels of the color separation signals when the 
standard white piate was read are matched, there- 
by adjusting the color balance. 

For instance, a color image signal obtained by 
reading a color orlgnlal Is separated into three color 
signals of R (red), G (green), and B (blue) by an 
S/H (sample and hold) circuit as shown in Fig. 1. 
Therefore, in the construction in which a color 
original is divided into five parts in the main scan- 
ning direction and is read out by a line sensor of 
five chips, the construction after the color image 
singals were sampled and. held becomes fifteen ( = 
3x5) analog signal processing systems. Fig. 1 
shows a processing block diagram in which an 
input color image signal of one channel is sampled 



and held and amplified In consideration of the white 
level and black level adjustments and, thereafter, it 
is returned to the color image signal of one system 
and is men input to an A/D converter, so that 

5 multiplexed digital data OLATCH OUT is obtained. 
Fig. 2 shows a timing chart of the operation of the 
circuit in Fig. 1. 

As shown in the circuit of Fig. 1, each color 
separating circuit system has a DC level adjusting 

10 circuit in addition to the color balance adjusting 
circuit The DC level of a black level signal which 
was read by the image sensor is shifted, thereby 
matching the levels among the channels of the 
image sensor constructed by a plurality of chips 

is and coupling the channels. 

However, in the construction shown in Fig. 1, 
since the dot sequential color signal is separated 
into the simultaneous color signals by the S/H 
circuit, after the S/H circuit, the signal processing 

20 circuit systems of only the number of color separa- 
tion signals are needed. For instance, in the case 
of reading an original of, for instance, the A4 size 
whose width in the longitudinal direction is set to 
297 mm, the image sensor of the silicon crystalline 

25 type is suitable to road at a high speed. However, 
in the case of the silicon crystalline type, it is 
difficult to form a long image sensor of such a type 
by one chip because of a limitaion in manufactur- 
ing. Therefore, a plurality of silicon crystalline chips 

so are physically properly arranged to thereby form 
one line sensor. In this case, there is a drawback 
such that after thB S/H circuit, it is necessary to 
use the signal processing circuit systems of the 
same type of only the number which is equal to the 

35 value in which the number of color separation sig- 
nals is multiplied with the number of chips con- 
structing the image sensor, so that the circuit con- 
struction is extremely large, 

40 

SUMMARY OF THE INVENTION 

The present invention is made in consideration 
of the conventional problems and it is an object of 

4S the invention to provide a color image reading 
apparatus in which an analog color signal can be 
processed at a high speed by a simple circuit 
construction. 

Another object of the invention is to provide a 

so color image reading apparatus in which an am- 
plitude of analog color signal which is dot sequen- 
tially output can be corrected by a simple construc- 
tion. 

Still another object of the invention is to pro- 
vide a color image reading apparatus in which the 
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black level and white ievsl of an analog coior signal 
which is dot sequentially output can be efficiently 
corrected by a 5 simple construction. 

The above and other objects and features of 
the present invention will become apparent from 
the following detailed description and the appended 
claims with reference to the accompanying draw- 
ings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a conven- 
tional example of one channel of an analog signal 
processing circuit; 

Fig. 2. consisting of Figs. 2a and -2b, is a 
signal timing chart in each section in Rg. 1; 

Rg. 3 is a block diagram showing a video 
signal processing unit of a reader section in a 
digital color copying machine according to an em- 
bodiment; 

Fig. 4(a) is an arrangement diagram of a 
color CCD sensor; 

Rg. 4(b) is a timing chart of a signal in each 
section in Rg. 4(a); . 

Rg. 5(a) is a diagram showing a CCD drive 
signal producing circuit (included in a system con- 
trol pulse generator 16); 

Rg, 5(b) is' a timing chart of a signal in each 
section in Rg. 5(a); 

Fig. 6, consisting of Rgs. 6a and 5b, is a 
timing chart for driving a CCD; 

Rg. 7 is a block diagram showing an em- 
bodiment of one channel of an analog signaf pro- 
cessing circuit 9 in Rg. 1 ; 

Rg. 8, consisting of Rgs. 8a and 8b, is a 
timing chart of a signal in each section in Rg. 7; 

Rg. 9 is a characteristic diagram of a voltage 
controlled type amplifying circuit; 

Rg. 10 is a block diagram showing another 
embodiment of the analog signal processing circuit 
9; 

Rg. 11(a) Is a circuit diagram cf a multiplier 
42 in Rg. 7; 

Rg. 11(b) is a diagram showing a code ta- 
ble; 

Rgs. 12 and 13 are block diagrams showing 
further another embodiment cf the analog signal 
processing circuit 9; 

Rg. 14(a) is a circuit diagram of multipliers 
63a to 63c in Rg. 12; and 

Rg. 14(b) is a diagram showing a code ta- 
ble. 

DETAILED DESCRIPTION OF PREFERED EM- 
BODIMENTS 

A color image reading apparatus according to 



the present invention wiil now be described in 
detail hereihbelow with reference to the drawings. 

Rg. 3 shows an example of a signal processing 
block of the color image reading apparatus. An 

s original is first exposed by an exposure lamp and 
its reflected lights are color separated and read 
every image by a color reading sensor 6 In an 
original scanning unit 3 and are amplified to pre- 
determined levsls by an amplifying circuit 

w (preamplifier) 8. Reference numeral 7 indicates a 
CCD driver to supply a pulse signal to drive the 
color reading sensor. A necessary pulse source is 
produced by a system control pulse generator 16. 
Rg. 4 shows the color reading sensor and drive ■ 

is pulses. Rg. 4(a) shows the color reading sensor 
which is used in the embodiment. To divide the 
main scanning direction into five parts and to read, 
the color reading sensor has one-dimensional sen- 
sor of five chips. In each of chips 18 to 22, a length 

20 of 62.5 am (1/16 mm) Is set to one pixel and one 
chip conresponds to 976 pixels, that is, one pixel Is 
divided into three parts of G, B and R in the main 
scanning direction as shown in the diagram, so that 
each chip totally has 3072 (= 1024 x 3) effective 

25 pixels. On the other hand, the chips 18 to 22 are 
formed on the same ceramics substrate. The first, 
third and fifth chips (18, 20, 22) are arranged on a 
same line LA, while the second and fourth chips 
(19. 21) are arranged on a line LB which is away 

30 from the line LA by four lines (the distance of 250 
lim = 62.5 urn x 4). When an original is read, it is 
scanned in the direction of an arrow AL Among trie- 
five CCD chips, the first, third and fifth chips are 
respectively independently driven synchronously 

35 with a group of drive pulses ODRV 501 and the 
second and fourth chips are respectively indepen- 
dently driven synchronously with a group of drive 
pulses EDRV 502. As shown in Rg. 4(b), O01A, 
O02A and ORS included in the ODRV 501 denote 

40 charge transfer clocks in each sensor. EeHA, E02A 
and ERS included in the EDRV 502 denote charge 
reset pulses in each sensor. Those charge transfer 
clocks and charge reset pulses are substantially 
synchronously formed so as not to cause a jitter 

45 due to trie mutual interference and noise iimitaion 
between the first, third and fifth chips and the 
second and fourth chips. For this purpose, those 
clocks and pulses are produced by one reference 
oscillating source (OSC) 17 (Rg. 3). 

50 Rg. 5(a) is a block diagram of a circuit to form 
the ODRV 501 and EDRV 502. Fig. 5(b) ahowe a 
timing chart. The circuit of Rg. 5(a) is included in 
the system control pulse generator 13 in Rg. 1. A 
clock Ktf 546 is formed by frequency dividing an 

55 original clock CLK0 which is generated from the 
single OSC 17 by a frequency divider 23. The 
clock Ke 546 is used to form reference signals 
SYNC 2 and SYNC 3 to determine the generation 
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timings of the ODRV and EDRV. The output tim- 
ings of the SYNC2 and SYNC 3 are determined in 
accordance with set values of presettable counters 
24 and 25 which are set by a signal line 550 
connected to a CPU bus. The.SYNCs and SYNCa 
initialize frequency dividers 26 and 27 and drive 
pulse generators 28 and 29. That fs. each of the 
drive pulses uses a signal HSYNC 544 which is 
input to the block as a reference and -is formed by 
the CLK0 which are all output from the OSC 17 as 
one oscillating source and by the frequency di- 
vided clocks which are all synchronously gener- 
ated. Therefore, the pulse groups of the ODRV 501 
and EDRV 502 are obtained as the synchronized 
signals having no jitter, so that the fluctuations of 
the singnals due to the interferences among the 
sensors can be prevented. 

The sensor drive pulses ODRV 501 which were 
mutually synchronously derived are supplied to the 
first, third, and fifth sensor chips and the pulses 
EDRV 502 which were mutually synchronously ob- 
tained are supplied to the second and fourth sensor 
chips. Video signals Vi to V s are independently 
output from the sensor chips 13 to 22 synchro- 
nously with the drive pulses. The video signals Vi 
to V 5 are amplified to predetermined voltage values 
by the amplifying circuit (preamplifier) 8 which is 
independently provided every channel as shown in 
Fig. 3, Through coaxial cables 508 to 512, the 
signals V ( , V 3 , and V s are output at a timing of a 
pulse OOS 538 in Fig. 4(b) and the signals V s and 
V* are output at a timing of a pulse EOS 543 in 
Fig. 4(b) and the signals Vi to V 5 are input to a 
video processing unit 4. 

An explanation will now be made with respect 
to an analog signal processing circuit 9 in which by 
using a dot sequential amplitude control circuit, it is 
sufficient to use one signal processing circuit sys- 
tem per channel. 

The analog color image signals Vt to V 5 which 
were read out by the five-chip color sensor of the 
equal magnification type are input to the analog 
signal processing circuit 9 in Fig. 3 every channel, 
respectively. Since the signal processing circuit 
corresponding to each channel is the same circuit, 
the circuit of the channel 1 (ch1) will be described 
wfth reference to a processing block diagram of 
Fig. 7 together with a timing chart of Fig. 8. 

As shown by SiGA in Fig. 8, the analog color 
image signals are input to a buffer 30 in accor- 
dance with the order of G — B - R and are the 
composite signals which are constructed by total 
3156 pixels comprising: the 3072 effective pixels; 
12 pixels in the idle transfer section which is not 
connected to a photodtode of the color sensor, 24 
pixels in the dark output section (optical black) 
formed by fight shielding a region on the 
photodiode by using aluminum (Al), and 3S dum- 



my pixels, in which these (12 + 24 + 36) pixels 
are provided before the effective pixels; and 24 
dummy pixels after the effective pixels. 

The analog color image signal SiGA is input to 

s the buffBr 30 and impedance converted. Next, an 
output signal of the buffer 30 is supplied to a 
sample and hold (S/H) circuit 31, by which the 
reset section in the composite signals is eliminated 
in accordance with S/H pulses, so that an S/H 

jo output signal (S/H OUT in Fig. 8) from which a 
waveform distortion in the case of driving at a high 
speed was eliminated is obtained. Since the unnec- 
essary components at the frequency of the sam- 
pling pulses are included in the sampled and held 

is dot sequential color signal, the color signal is then 
input to a low pass filter (LPF) 32 to eliminate the 
unnecessary components. The dot sequential color 
signal from which the unnecessary sampling fre- 
quency components were eliminated is input to an 

so amplifier 33 and amplified to a specified signal 
output level and, at die same time, it is clamped to 
the zero level by a. feedback clamping circuit in 
order to eliminate the DC level fluctuation of the 
analog color signal whose DC level fluctuates in an 

25 AC manner and to fix the DC level of the image 
signal to the optimum operating point of the am- 
plifier 33. 

The feedback clamping circuit comprises an 
S/H circuit 34a and a comparison amplifier 34b. 

so The output level of the dark output section (optical 
' black) of the analog color signal which is output 
from the amplifier 33 is detected by the S/H circuit 
34a and compared with the GND level which is 
input to a minus Input terminal of the comparison 

35 amplifier 34b. The difference is fed back to the 
amplifier 33, so that the dark output section of the 
output of the amplifier 33 is always fixed to the 
GND level. A DK signal indicates an interval of the 
dark output section of the analog color signal. By 

40 supplying the DK signal to the S/H circuit 34a. the 
DC level of the dark output section of the analog 
color signal is detected once for one horizontal 
scan period (1H). On the other hand, the feedback 
clamping circuit also has an object to eliminate the 

45 input offset when the amplitudes of R. G, and B are 
swftched by a dot sequential amplitude control 
circuit at the next stage. 

The signal obtained by clamping the dark out- 
put section ..? the analog color signal to the zero 

so level is then input to the dot sequential amplitude 
control circuit, by which gains are dot sequentially 
adjusted every R, G, and B by the CPU control. 
That is, reference numerals 38a to 38c denote D/A 
converters, into which data is set through a data 

55 bus 533 of the CPU. A D/A output V out becomes as 
follows. 

Vou. = -V raf1 /N(0<N<1) 

N is a binary fraction value of an input digital code. 
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Reference numerals 37a to 37c denote voltage 
controlled resistors comprising dual gate FETs or 
the like. Resistance values of the voltage controlled 
resistors 37a to 37c change depending on D/A 
output voltages of the D/A converters 38a to 38c r 
respectively. Reference numerals 36a to 36c de- 
note analog switches comprising FETs or the like. 
When gate signals RSEL, GSEL. and BSEL are set 
to the "H" level, the analog switches 36a to 36c 
are turned on and are set to a low impedance. 
When the gate signals are set to the "L" level, they 
are turned off and are set to a high impedance. 
Initial data have been preset into the D/A convert- 
ers 38a to 38c. Resistance values (Rvcrs to Rvcrc) 
of the voltage controlled resistors 37a to 37c are 
set to predetermined values due to the D/A outputs 
upon data initialization, respectively. When only thB 
gate signal RSEL is at the "H" level and the other 
gate signals GSEL and BSEL are at the "L" levei, 
the gain of the R signal in the dot sequential color 
signal becomes 
R VR = 1 + Rf/{R 0N + RvcRa) 
R, denotes a feedback resistor of an amplifier 35 
and Ron indicates a resistance value when the 
analog switches 36a to 36c are turned on. Fig. 9 
shows the relation between the D/A set data and 
the gain. The same shall also apply to the other 
color signals G and B. When the gate signals 
GSEL and BSEL are at the "H" level, the gains 
become 

R ¥Q = 1 + Rf/{R 0N + RvcFtb) 
Rva = 1 + Rf/(RoN + Rvcrc) 
The RSEL, GSEL and BSEL correspond to the 
intervals of the R, G, and B signals in the dot 
sequential color signal {Fig. 8). The gains can be 
dot sequentially switched by the gate signals. The 
data of the D/A converters 38a to 38c are set by 
the data bus 533 of the CPU in a manner such that 
the AO conversion output data (R, G, and B) when 
the original scanning unit 3 read a uniform color 
plate are set to predetermined values. The levels of 
the R, G, and B signals of the dot sequential color 
signals are amplified by using the independent 
gains, thereby obtaining a color balance. 

The analog color signal, whose level was dot 
sequentially controlled is then input to an amplifier 
39 and amplified until an input dynamic range ol an 
A/D converter 43 and, at the same time, the DC 
level is controlled by a feedback clamping circuit 
41 and a multiplier 42. 

A feedback clamping system comprising the 
multiplier 42 and feedback clamping circuit 41 will 
now be described. The feedback clamping system 
has almost the same construction as the feedback 
clamping circuit 34 at the front stage. Tne multi- 
plier 42 which is controlled by the CPU is con- 
nected for providing a reference voltage of the 
feedback clamping circuit comprising an S/H circuit 



41a, and a comparison amplifier 41b. In the chan- 
nel junction correction, which will be explained 
hereinlater, in order to shift the level of the black 
levei image signal which was read, the reference 

s voltage is varied by the multiplier 42 by the level 
which is determined by the digital data which was 
set in an internal latch circuit through the data bus 
533 of the CPU. The analog color signal which was 
amplified by the amplifier 39 and a buffer 40 is 

io clamped to the references voltage level. 

As shown in Fig. 11(a), the multiplier 42 is a 
'full four-quadrant mode multiplier comprising: a 
multiplying D/A converter 550; operational amplifi- 
ers 552 and 556; resistors 553 and 554 each 

is having a resistance value R: and a resistor 555 
Having a resistance value 2R. The multiplier 42 
outputs a bipolar voltage as shown in Fig. 11(b) in 
accordance with the 8-bit digital data which was set 
from the CPU. The buffer 40 is an input buffer of 

so the A/D converter 43 and is constructed as a high- 
speed buffer of a low output impedance in a man- 
ner such that its output impedance is set to a 
reference resistance value or less of a comparator 
in the A/D converter which assures the linearity 

25 accuracy of the A/D conversion. 

The dot sequential color signal which was am- 
plified and DC clamped to a predetermined white 
level and a predetermined black level is input to 
the A/D converter 43 and becomes digital data A/D 

ao OUT and is input to a latch circuit 44 for matching 
of the timing with that of the digital signal process- 
ing circuit and for certain digital data transmission. 

The latch output data which was latched by a 
pulse OLATCH CLK is latched by a latch clock 

as having the polarity opposite to that of the OLATCH 
CLK by a next digital signal processing circuit 10, 
so that the digital data can be received at a certain 
timing. The same shall also apply to the analog 
signal processing circuits of the other channels 2 to 

40 5. 

In Fig. 3, dot sequential color signals 513 to 
517 of the respective channels which were digitally 
converted are input to the digital signal processing 
circuit 10 and images of the channels are con- 

*5 nected by an FIFO memory 11, so that the dot 
sequential color signals of the channels become 
the parallel signals of three colors of R, G, and B 
(518 to 520). 

The R, G, and B digital color signals are input 

so to a black/whits correction circuit 13. The black 
correction circuit will be first described. When an ' 
amount of light which enters the sensor is very 
small, the black level outputs of the channels 1 to 5 
have a large variation among the chips and among 

55 the pixels. If the black level outputs are directly 
output and an image is output, line noises or un- 
even image occurs in trie data section of the Im- 
age. Therefore, it is necessary to correct an output 

5 
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fluctuation of tfie black portion. Prior to executing 
the copying operation, the original scanning unit 3 
is moved to the position of a black plate having a 
uniform concentration arranged in a non-image re- 
gion in the front edge portion of an original base 
plate, a halogen lamp is . lit on, and a black level 
image signal Is input to the circuit. The data of one 
tine in the Image data is stored in a black level 
memory and is set to a black reference value (a 
black reference value fetching mode). 

For instance, if there is provided a width in the 
longitudinal direction of the A4 size in the main 
scanning direction, in the case of the resolution of 
1B pef/mm, the number of pixels is set to 18 x 297 
mm = 4752 pixels/color. To cover such a length, if 
five CCD chips each having a length of 61 mm are 
arranged to form one line, the number i of data of 
the black level data DK(i) can be set into a value 
within a range from 1 to 4880 in correspondence to 
16 x 61 mm x5 = 4880 pixels/color. 

When an image is read, for the black level data 
DK(i), for instance, in the case of a blue signal, a 
black correction output is derived as B in (i) - DK(i) 
= B out (i) (biack correcting mode). A green signal 
G in and a red signal R in are also similarly controlled 
and black correction outputs G 0UI and Ro Ut are 
obtained. 

The white level conection (shading correction) 
circuit will now be described. In the white level 
correction, sensitivity variations of the illuminating 
system, optical system, and sensors are conected 
on the basis of the white color data in the case 
where the original scanning unit 3 was moved to 
the position of a uniform white plate and the origi- 
nal was illuminated. Although a fundamental circuit 
construction of the white level correction circuit is 
substantially the same as that of the black correc- 
tion circuit, there is a difference between them with 
respect to a point that the black correction is ex- 
ecuted by using a subtracter, while the white cor- 
rection is executed by using .a multiplier. First, 
upon white correction, when the original scanning 
unit 3 is located at the position (home position) of 
the uniform white plate, that is, prior to executing 
the copying or reading operation, the exposure 
lamp is lit on and the data of one line in the image 
data of the uniform white level is stored into a white 
level memory. 

For instance, if there is provided a width in the 
longitudinal direction of the A4 size in the main 
scanning direction, in the case of the resolution of 
16 pel/mm, the number of pixels is set to 16 x 297 
mm = 4752 pixels. If the image data of one chip of 
the CCD is constructed by 976 pixels (1S pei/mm x 
61 mm), the total number of pixeis of one line 
sensor is set to 976 x 5 = 4880 pixels. That is, the 
capacity of the white level memory has at least 
4880 bytes. Assuming that the white plate data of 



the ith pixel is set to W(i), i has a value within a 
range from 1 to 4880. On the other hand, for the 
read value D In (l) of the ordinary image of the Ith 
pixel with respect to W(i), the image data after 
s correction becomes 

D out 0) = D,„(i) x FF(VW{i) 

The white correction is executed with respect to 
each color of green (6), blue (B), and red(R). 

image signals (521 to 523) of three colors 

to which were subjected to the black correction and 
white correction are input to an image processing 
circuit 14 and are image processed by a logarithm 
converting circuit a color correction circuit, black 
adding circuit, and an under color removing (UCR) 

is Circuit and the image processed signal is output 
(524 in Fig. 3). The logarithm converting circuit 
converts the luminance data into the concentration 
data. The color correction circuit (input masking 
and output masking) corrects the spectral char- 

20 . acteristics of the color separation filters of the CCD 
sensor and corrects the absorbing characteristics 
of the unnecessary components of the color toners 
(Y, M, C) which are copy transferred to a transfer 
paper in a color printer 2. The black adding circuit 

25 calculates the MinfYi. M b Ci) (the minimum value 
among Y,, M h and Ci) from the color component 
image data Y t . Mi, and Ci and, thereafter, adds the 
black toner by using the calculated Min(Y|, M h d) 
as a biack. The UCR circuit reduces addition 

30 amounts of the color toner materials in accordance 
with the biack component added. 

The image signals of three colors are then 
input to a printer interface 15. Interface signals 
comprise; a digital video signal: a sync signal 

as ((TOP) in the image feeding direction (sub scan- 
ning direction); a sync signal (BD) in the raster 
scanning direction (main scanning direction) which 
is onca generated every raster scan: a sync clock 
(VCLK) to transmit the digital video signal to the 

40 color printer 2; a sync signal (HSYNC) which is 
formed synchronously with the NCLK without a 
jitter on the basis of the BD signal; and a signal 
(SRCOM) for executing half duplex bidirectional 
serial communication. The image data and corn- 
's mands are sent from the reader unit to the printer 
unit via those signal lines. State information of the 
printer unit, for instance, information with respect to 
paper jam, absence of paper, waiting mode, and 
the like Is mutually transmitted and received be- 

60 t/reen the reader unit and the printer unit. 

In the embodiment, the dot sequential am- 
plitude control circuit has been constructed as a 
gain switching type amplifying circuit, However, the 
simitar effect can be obtained even if such a con- 

55 trol circuit is constructed by an attenuator switching 
circuit and an amplifying circuit arranged at the 
post stage. Such a construction is shown in Fig. 10. 
In Fig. 10, a resistor R ATTl voltage controlled resis- 
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tors 52a to 52c, an amplifier 54. and a buffer 50 are 
provided in place of the amplifier 35 in Fig. 7 and 
the other construction is the same as that in Fig. 7. 
The resistance values R VC r= to Rvcn c of the voltage 
controlled resistors 52a to 52c are controlled by the 
output voltages of the D/A converters 38a to 38c. ' 
For instance, when the analog switch 36a (for the R 
signal) is turned on, an attenuation factor of the R 
signal in the dot sequential color signal is 
(Rom + RvcB.)/(R A rr + Ron + Rvcr*) 
Assuming that a gain of the amplifier 54 is set to A, 
a gain of the R signal at an output of the amplifier 
54 is 

R V = A(R 0M + RvCRaKtRATT + RoM + RvCRa) 

The same shall also apply to the other coior sig- 
nals G and B, so that the amplitude can be dot 
sequentially controlled. 

On the other hand, although the embodiment 
has been described with respect to an example of 
the color imags forming apparatus using an etsc- 
trophotograph, various recording methods such as 
ink jet recording, thermal copy transfer recording, 
and the like can be also applied without limiting to 
the electrophotograph. In addition, although the 
embodiment has been described with regard to an 
example in which the reading unit and the image 
forming unit are closely arranged as a copying 
apparatus, the invention can be also obviously ap- 
plied to a type in which the reading unit and the 
image forming unit are separately arranged and the 
image data is transfened by a communication line. 

As described above t by providing the dot se- 
quential amplitude control circuit which can time 
sequentially control the amplitude of each color 
separation signal in the state of the dot sequential 
color signal which is output from the image sensor 
as it is, the amplitudes of the color separation 
signals can be adjusted by only the S/H circuit and 
the signal processing circuit at the post stage of 
one system per chip constructing the image sensor 
without separating the dot sequential color signal 
into the simultaneous color signals and adjusting 
the amplitudes by the respective ctrcruit systems. 
Therefore, the circuit construction is simplified and 
the apparatus can be miniaturized. 

As described above, according to the invention, 
the signal processing system is simplified and. 
particularly, in the image sensor comprising a plu- 
rality of image sensor chips, the circuit scale can 
be fairly reduced. 

In the above-described construction of the em- 
bodiment, the white level of the analog color image 
signal has been dot sequentially corrected before 
the black level is corrected. An example of a con- 
struction in which the white level of the analog 
color image signal is color sequentially corrected 
after the black level was corrected will now bo 
described. 



Fig. 12 Is a block diagram showing another 
consturction of the analog signal processing circuit 
9. In Fig. 12, the same parts and elements as those 
shown in Fig. 7 are designated by the same refer* 

5 ence numerals. The operation of Fig. 12 will now 
be explained hereinbelow. As mentioned above, the 
coior image signals obtained by dividing the origi- 
nal into five parts in the main scanning direction 
and reading the original are respectively input to 

to the analog signal processing circuits 9 correspond- 
ing to the channels. Since the signal processing 
circuit 9 have the same construction, the circuit of 
the channel 1 (chl) will be described. 

As shown in Fig. 12, the analog color image 

75 signal SiQA is input to the buffer 30 and is imped- 
ance converted. The reset section in the composite 
signal is then eliminated by the sample and hold 
(S/H) circuit 31 in response to an S/H pulse (S/HP), 
so that an S/H output signal from which only a 

20 waveform distortion in the case of driving at a high 
speed was eliminated is obtained. Since the dot 
sequential color signal which was sampled and 
iield includes the unnecessary component at the 
frequency of the sampling pulse, it is input to the 

35 tow pass filter (LPF) 32 to eliminate the unnec- 
essary component. The dot sequential coior signal 
from which the unnecessary sampling frequency 
component was eliminated by the LPF 32 is input 
to the amplifier 33 and amplified until a specified 

30 output level and, at the same time, it is clamped to 
the zero level by the feedback clamping circuit 34 
comprising the S/H circuit 34e and comparison 
amplifier 34b in order to eliminate the DC level 
fluctuation of the analog color signal whose DC 

35 level fluctuates in an AC manner and to fix the DC 
level of the image signal to the optimum operating 
point of the amplifier 33. That is, the output level of 
the dark output section (optical black) in the analog 
cobr signal which is output from the ampiifier 33 is 

« detected by the S/H circuit 34a and is compared 
with the GND level which is input to a minus input 
terminal of the comparison amplifier 34b by the 
amplifier 34b. The differential signal is fed back to 
the amplifier 33, so that the dark output section in 

45 the output signal of the amplifier 33 is always fixed 
to the GND level. The DK signal which is input to 
the S/H circuit 34a indicates the interval of the dark 
output section in the analog color signal 8y sup- 
plying the DK signal to the S/H circuit 34a, the DC 

so level of the dark output section in the analog coior 
signal is once detected for one horizontal scan 
period (1 H). The feedback clamping circuit 34 also 
has the object to eliminate the input offset when 
the amplitude is varied by the amplitude control 

ss circuit at the next stage. The signal obtained by 
clamping the dark output section in the anaiog 
color signal to the aero level by the feedback 
clamping circuit 34 is then input to an amplifier 65 
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constructing the amplitude control circuit. The 
gains of the- dot sequential color signals are com- 
monly adjusted by the CPU control here. 

Reference numeral 61 indicates a D/A con- 
verter into which data is set through the data bus 
533 of the CPU. An output V ou[ of the D/A con- 
verter 61 becomes 
V oul » -V„„/N (0 < N < 1) 

N denotes a binary fraction value of the input 
digital code. Reference numeral 60 indicates a 
voltage controlled resistor comprising a dual gate 
FET or the like and its resistance value changes 
depending on the output voltage of the D/A con- 
verter 61 . Initial data has been preset into the D/A 
converter 61 . A resistance value (R V cr) of the volt- 
age controlled resistor 60 is set to a predetermined 
value in dependence on the D/A output at that time. 
A gain of the amplifier 35 at this time is 
Ay =■ 1 + Rf/R WFl 

RF denotes a feedback resistance of the amplifier 
65. 

There is a relation as shown in Fig. 9 between 
the set data in the D/A converter 61 and the gain- of 
the amplifier 65. Data of the D/A converter 61 is set 
by the CPU data bus 533 in a manner such that 
the A/D conversion output data (R, G, B) when the 
original scanning unit 3 read a uniform white plate 
set to predetermined values. The levels of the R, 
G, and B signals of the dot sequential color signals 
are matched by together using the amplitude vary- 
ing means of the respective color signals in the dot 
sequential DC level control circuit, which will be 
explained hereinlater, thereby obtaining a color bal- 
ance. 

The level controlled dot sequential color signal 
from the amplifier 65 is then input to the amplifier 
39 and amplified until a predetermined level and is 
clamped to the zero level by the feedback clamp- 
ing circuit 41 comprising the S/H circuit 41a and 
comparison amplifier 41b; Since the feedback 
clamping circuit 41 has the same construction as 
that of the feedback clamping circuit 34 at the front 
stage, its operation is not described in detail here. 
However, the feedback clamping circuit 41 is pro- 
vided to eliminate the output offset which is caused 
due to the variable change in the gain by the 
amplitude control circuit due to the D/A converter 
61 at the front stage and to fix the dark output 
section in the analog color signal to the zero level. 

The analog color signal which was again 
damped to the zero level by the feedback clamp- 
ing circuit 41 is then input from the amplifier 39 to 
the dot sequential DC level control circuit having 
the following construction. The levels of the R, G, 
and B signals in the dot sequential signal are 
matched and the DC levels are dot sequentially 
adjusted every R, G and B by the CPU control. It is 
an object of such a level adjustment to shift the DC 



level of the readout black level image signal in a 
channel junction correction, which will be explained 
hereinbelow. Reference numeral 62a to 62c denote 
analog switches comprising FETs or the like. When 

s the gate signals GSEL, BSEL, and RSEL are.set to 
the "H" level, the switches 62a to 62c are turned 
on and are set into a low impedance. When the 
gate signals are set to the "L" level, the switches 
62a to 52c are turned off and are set into a high 

to impedance. Reference numerals 63a and 63c de- 
note multipliers. As shown in Fig. 14(a). the mul- 
tipliers 63a to 63c are full four-quadrant mode 
multipliers comprising: a multiplying D/A converter 
650; operational amplifier 652 and 656; a resistor 

is 654 having a resistance value R; a resistor 653 
having a resistance value 2R; and resistors R 3 and 
FU. A bipolar voltage is output as shown in Fig. 11- 
fb) in accordance with 8-bit digital data set from 
the CPU. In Fig, 12, Ra, R„, and FW denote resis- 

20 tors to vary a gain of an amplifier 64 every G, B, 
and R in order to obtain a color balance of the dot 
sequential color signal. When the signal GSEL is at 
the "H" level, the gain of the amplifier 64 for the G 
signal becomes 

as 1 + R,/(R 3 + Ro„ + = Ae 

Ron denotes a resistance value when the analog 
switches 62a to 62c are turned on. The same shall 
also apply to the other color signals B and R. 
When the gate signals BSEL and RSEL are at the 

so "H" level, the gains of the amplifier 64 respectively 
become 

1 + Ri/{R 2 + Ron + R b ) = A B 
1 + R,/(R a + Rqn + RJ = A„ 
Now, assuming that the color ratio of the dot se- 
as querrtiai color signal of the color reading CCD 
sensor is set such that G : B : R = k : 1 : t, in 
order to obtain a color balance, the resistance 
values of the resistors R a , R b , and R* are selected 
in a manner such that the gains of the amplifier 64 
* for the G, B, and R signals are set as follows. 
AqiAhiAr = 1/k: 1 : Ml 
Now, since the gains of the amplifier 64 for the G, 
B, and R signals change, in order to equalize the 
DC output voltages of the amplifier 64 with respect 
45 to the G, B, and R signals for the data values which 
are set into the multipliers 63a to 63c by the CPU, 
the value of the resistor Ra shown in Figs. 14(3) 
and 14{b) is selected with respect to, for instance, 
the G signal sue; that 
50 R 3 = (2R/Ri) k :a 2 + R 0M + R a ) 
from thB relation 

<R 3 /2R) x [R,/(Rz + Rqn + R a )j * 1 
With respect to the other color signals B and R as 
well, by selecting the value of each R a such that 
55 Rg = <2R/R f ) x {Rj + Ro H + R b ) 
Ra = (2R/Ri)x(R 2 + R 0N + RJ 
the DC output voltages of the amplifier 64 for the 
G. B, and R signals are equalized with respect to 
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the CPU set data values in the multipliers 63a to 
63c. A situation such that the DC levels with re- 
spect to G, B, and R differ by changing the gain of 
the amplifier 64 does not occur. As mentioned 
above, the color balance of the color signals is 
obtained by the dot sequential DC level control 
circuit and the DC level of the dot sequential color 
signal Is time sequentially controlled by the CPU 
set data, 

The buffer 40 Is an input buffer of the A/D 
converter 43 and is constructed as a high-speed 
buffer of a low output impedance in a manner such 
that its output impedance is set to a value of a 
reference resistance value or less of a comparator 
provided in the A/D converter 43 for assuring the 
linearity accuracy of the A/D converter 43. 

The dot sequential color signal which was am- 
plified and DC clamped to a predetermined white 
level and a predetermined black level is converted 
Into the digital data A/D OUT by the A/D converter 
43 and is then input to the latch circuit 44 to match 
the timing with that of the digital signal processing 
circuit and to execute certain digital data transmis- 
sion. 

In the latch circuit 44. the latch output data 
latched by the latch clock OLATCH CLK is latched 
by the digital signal processing circuit at the next 
stage by the lateh clock having the polarity op- 
posite to the polarity of the OLATCH CLK, so that it 
is received at a certain timing. The same shall also 
apply to the analog signal processing circuits of the 
channels 2 to 5 in Fig. 1. 

As mentioned above, the dot sequential color 
signals 513 to 517 of the channels which wore 
digitally converted by the analog signal processing 
circuits 9 are input to the digital signal processing 
circuit 10. The images of the channels are con- 
nected by the FIFO memory 11. The dot sequential 
color signals of the channels become the parallel 
signals 518 to ,520 of three colors of R, <3, and B. 

In the embodiment of Fig. 12, the amplitude 
control circuit has been constructed as a gain vari- 
able amplifying circuit. However, the similar effects 
can be aiso obtained even if the amplitude control 
circuit is constructed by an attenuator circuit Fig. 
13 shows an example of such a construction. In 
Fig. 13, a resistor R a tt and a voltage controlled 
resistor 70 are used in place of the amplifier 65 in 
Fig. 12 and the other construction is similar to that 
in Fig. 12. 

Although the above embodiment has been de- 
scribed with respect to an example of the color 
image forming apparatus using an electrophotog- 
raph, various recording methods such as ink jet 
recording, thermal copy transfer recording, and the 
tike can be also applied without limiting to the 
elsctrophotograph. On the other hand, although the 
embodiment has been described with respect to an 



example of the copying apparatus in which the 
reading unit and the image forming unit are closely 
arranged, the invention can be also obviously ap- 
plied to a type in which the reading unit and the 
5 image forming unit are separately arranged and 
image data is transferred by a communication line. 

As described above, the circuit system for pro- 
cessing the image sensor output signal as an ana- 
log signal has been constructed by the amplitude 
70 control circuit and dot sequential DC level control 
circuit. Thus, there Is no need to construct such 
that the dot sequential color signal is separated into 
simultaneous color signals via the S/H circuit every 
color and a similar signal processing circuit is 
js provided for each color. It is sufficient to use one 
signal processing circuit system per channel of the 
image sensor chip. Particularly, in the case of an 
image sensor comprising a plurality of image sen- 
sor chips, the circuit scale can be extremely re- 
20 duced. 

On the other hand, by controlling the amplitude 
of the dot sequential analog video signal which is 
output from the image sensor in a state of the dot 
sequential signal as it is and by controlling the DC 
25 level, the amplitude and DC level of each color 
separation signal can be adjusted by, for instance, 
only the S/H circuit and subsequent signal process- 
ing circuit of one system per chip constructing the 
image sensor without separating the dot sequential 
so color signal into the simultaneous color signals and 
adjusting the amplitude and DC level by each 
circuit system. Therefore, the circuit construction is 
simplified and the apparatus can be miniaturized. 
Although the present invention has been de- 
35 scribed above with respect to preferred embodi- 
ments, the invention is not limited to the foregoing 
embodiments but many modifications and vari- 
ations are possible within the spirit and scope of 
the appended claims of the invention. 
40 A color image reading apparatus for reading a 
color image by using an image sensor has an 
image sensor which is constructed by a plurality of 
CCD image sensor chips, for color separating a 
color image and reading and dot sequentially out- 
45 putting analog color signals, and amplifier to am- 
plify the analog color signals which are dot sequen- 
tially output from the image sensor, a switching 
circuit to sequentially switch a gain of the -amplifier 
in accordance with the color of the analog color 
so signal to be amplified, and A/D converter to convert 
the analog color signal which are amplified and are 
dot sequentially output by the amplifier into digital 
color signals. With the apparatus, the analog color 
signals can be processed at a high speed, the 
55 amplitudes of the analog color signals which are 
dot sequentially output can be corrected, and the 
black level and white level of the analog color 
signals which ars dot sequentially output can be 
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. Claims 

1. A color image reading apparatus comprising; 
reading means for color separating a color image 
and reading and dot sequentially outputting a plu- 
rality of analog color signals; 

amplifying means for amplifying said plurality of 
analog color signals which are dot sequentially 
output from said reading means; and 
switching means for sequentially switching a gain 
of said amplifying means in accordance with a 
color of the analog color signal to be amplified. 

2. An apparatus according to claim 1, further 
having converting means for converting the plural- 
ity of analog color signals which are amplified and 
are dot sequentially output by said amplifying 
means into a plurality of digital color signals. 

3. An apparatus according to claim 1, wherein 
said amplifying means amplifies in a manner such 
that a plurality of analog color signals with respect 
to a white image are set into a predetermined level, 
respectively. 

4. A color image reading apparatus comprising: 
reading means for coior separating a color image 
and reading- and dot sequentially outputting a plu- 
rality of analog color signals- 
black correcting means for setting a black level of 
said plurality of analog color signals which are dot 
sequentially output from said reading means into a 
predetermined value; 

white correcting means for correcting a white level 
of said plurality of analog color signals whose biacfc 
level was corrected by said black correcting means 
and which are dot sequentially output; and 
switching means for sequentially switching a cor- 
rection ratio of said white correcting means in 
accordance with a color of the analog color signal 
to be corrected. 

5. An apparatus according to claim 4, wherein 
said white correcting means comprises amplifying 
means whose gain can be varied, 

6. An apparatus according to claim 4, further 
having converting means for converting said plural- 
ity of analog color signals whose white level was 
corrected by said white correcting means and 
which are dot sequentially output into a plurality of 
digital color signals. 
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© Color image reading apparatus. 



® A color image reading apparatus for reading a 
color image by using an image sensor has an image 
sensor which is constructed by a plurality of CCD 
image sensor chips, for color separating a color 
image and reading and dot sequentially outputUng 
analog color signals, and amplifier to amplify the 
analog color signals which are dot sequentially out- 
put from the image sensor, a switching circuit to 
sequentially switch a gain of the amplifier in accor- 
dance with the color of the analog color signal to be 
amplified, and A'D converter to convert the analog 



color signal which are amplified and are dot sequen- 
tially output by the amplifier into digital color signals. 
With the apparatus, the analog color signals can be 
processed at a high speed, the amplitudes of the 
analog color signals which are dot sequentially out- 
put can be corrected, and the black level and white 
level of the analog color signals which are dot se- 
quentially output can be efficiently corrected by a 
simple construction. 
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